In the present study of interactions between the compounds plays a very important role in industrially. 2-chloroaniline is used in Agricultural, Pharmaceutical, Rubber chemicals and as a parent substance in the production of antioxidants. It is also used in the manufacturing of synthetic dyes and organic pigments especially for red color. Carboxylic acids are used in ink, pesticides, cosmetics, plastics, and rubber as a chemical constituent. They are also important in industrial applications of compounds with carboxyl groups in the use of fatty acids in making soaps, detergents, and shampoos [13] [14] [15] [16] [17] .
The main objective of this study is to reveal the nature intermolecular interactions between -NH 2 group of 2-chloroaniline and -COOH group of carboxylic acids. The investigation on interaction between 2-chloroaniline and carboxylic acid molecules may provide useful information concerning the bond strength and bond characteristics of compounds that are of fundamental importance for the radical chemistry and the synthesis of organic materials.
In the present study the optimized geometries, interaction energies and vibrational frequencies of this system were calculated by using DFT method. AIM analysis based on Barder's atoms in the molecular theory 18 and NBO analyses are carried out to conform the presence of the hydrogen bonding between the complexes.
Computational details
Geometrical optimization, determination of interaction energy and natural bonding orbital (NBO) analysis have been carried out using density functional theory (DFT) with the popular hybrid method (B3LYP) [18] [19] [20] [21] [22] . As polarity of molecule has great influence on intermolecular hydrogen bonding, hydrogen bond orbitals requires large space occupation. Thus, diffuse and polarization functions augmented split valence 6-311++G (d, p) basis set is used for better description of geometrical optimization and natural bonding orbital (NBO) analysis. All these calculations are performed using Gaussian 09 23 . These calculations were performed on self-and cross-associational dimers of 2-chloroaniline with carboxylic acids. For all species analyzed here geometries were optimized and the ûnal complexes correspond to minima since no imaginary frequencies were found. The interaction energies of all dimers were determined from the energy difference between the dimer and monomers in their minimum energy conûguration. The basis set superposition error (BSSE) was eliminated using Boys and Bernard's counterpoise method 24 .
Further to evaluate the strength of the intermolecular interactions NBO analyses were performed at B3LYP/6-311++G (d,p) level. AIM theory of Bader was used to analyze the bonding characteristics, which is based on a topological analysis of  and ²by means of Multiwfn program .Finally, thermodynamic data and expected changes upon dimerizing were derived using statistical thermodynamics in the gas phase based on the frequencies analysis.
RESULTS AND DISCUSSION

Structure and energy analysis
The optimized possible structures of all dimers are successfully obtained at the B3LYP/6-311++G (d, p) level. The hydrogen bond geometrical parameters and molecular graphs of the thirteen obtained associations are presented in Table 1 and Figure 1 , respectively.
The molecular graphical analysis shows that different types of hydrogen bonds are formed in the obtained association between the donor(X-H) and acceptor group(Y). The change of the X-H bond length during the process of the formation of hydrogen bond (H-bond) association can reflect the characteristic nature of H-bond. As shown in Interaction energy () for the hydrogenbonded complex is calculated as the difference between the energy of hydrogen bonded complex and the summation of the energies of the each component monomers as given below
Where E AB (AB) optimized energy of hydrogen is bonded complex, E A (AB) and E B (AB) The counterpoise-corrected interaction energies, for all the dimers were computed at DFT, B3LYP with basis set 6-311++G (d, p). All the corrected interaction energies are summarized in Table 2 27. The trends in interaction energy are similar to the results of geometrical structures. In the crossassociation hydrogen bonded complexes the interaction energy is strong in the dimer 5 with O-H….N hydrogen bond of interaction energy -57.6173, KJ.mol -1 which is higher than remaining all other cross-associated dimers.
Therefore, in the cross-associations O-H…N hydrogen bonds are stronger than N-H…O hydrogen bond in o-toluidine and isomeric butanol mixtures. This can be explained qualitatively by the fact that the free electron pair around the N atoms with less s and more p character has a higher polarizability and acts as a good proton acceptor for the donor -OH groups of the alcohols, which are more efficient than the -OH group itself.
Electron density analysis
The existences of the hydrogen bond in all dimers are provided by topological analysis of the electron. So AIM theory elaborated was also applied here to deepen the nature of the intermolecular hydrogen bond of all dimers. The Bader theory is regarded as one of the most efficient tools for investigating electronic character in chemical bond. In the topological theory of AIM, when two neighboring atoms are chemically bonded, a bond critical point appears between them and the nature of chemical bonds and molecular reactivity are described by total electronic density, ²(r) and its corresponding Laplacian, and the electronic energy density (H), which is composed of the electronic kinetic energy density (G) and the electronic potential energy density (V). The values of AIM topological parameters of the intermolecular hydrogen bond for all dimers are shown in Table 3 .
In the present study, the values of (r) and ²(r) varies from 0.011 to 0.047 a.u and 0.040 to 0.161 a.u. Maximum electron density in the selfassociation is (0.04702 a.u) and in crossassociation is (0.03389 a.u) shows strong hydrogen bonds are observed for O-H….N interaction with high stability.
The positive values of Laplacian charge density in Table 3 for all molecules at BCPs are positive which reveal that electronic charges are depleted in the interatomic path, which is characteristic of closed shell interactions such as hydrogen bonds. The correlation between hydrogen bond length and electron density are inverse to each other i.e. increase in the hydrogen bond length corresponds to decrease in the electron density. Since there is increase in the distance results in reduced orbital overlap hence electron density decreases along the bond. It is also observed that the Laplacian electron density and hydrogen bond lengths also inversely related. The curves corresponding to correction coefficient for electron density and its Laplacian electron density with hydrogen bond length are shown in the Figure 2 .The correlation coefficient of electron density, Laplacian electron density with hydrogen bond distance is observed to be 0.953 and 0.9144.
The total electronic energy density of the charge distribution may be expressed
For strong hydrogen-bonding interaction, the total electronic energy density H is found to be negative (Table 3) , showing partially covalent and partially electrostatic in nature, whereas this quantity is positive for medium and weak hydrogen bonds, revealing only electrostatic interactions for this bonding 28 .
Natural bond orbital analysis
The natural bonding orbital (NBO) analysis has been a reliable tool for the rationalization of H-bonds that correlate well with changes in bond length in accordance with the basic chemical concepts. It is also used to derive information on the changes of charge densities in proton donor and acceptor as well as in the bonding and antibonding orbitals. For each donor and acceptor, the stabilization energy E (2) associated with hydrogen bonding between sites i and j are given below, Where q i is the i th donor orbital frequency,  i ,  j are diagonal elements associated with NBO Fock matrix. The stabilization energy between lone pair electrons (n) of the proton acceptor and antibonding orbitals (*) of the proton donor have been examined for various intermolecular hydrogen bonded complexes 29 .
The NBO analysis has been performed here using DFT method to further probe to investigate the relative strength of all hydrogen bonded dimers. The oxygen/nitrogen atom with lone pair acts as donor and X-H(X=N, O) as acceptor in the strong intermolecular charge transfer interaction. The stabilization energies (E (2)) of intermolecular interactions of all dimers were performed by using second order perturbation theory. The stabilization energies between lone pair electrons of proton acceptor and antibonding orbitals of the proton donor have been examined for various intermolecular hydrogen bonds of self-association and cross association at B3LYP/6-311++G(d,p) level theory and tabulated in Table 4 .
It is keen to note the point that there is a correlation between hydrogen bond length and stabilization energy E (2), i.e. shorter the bond length (strong hydrogen bond) larger the stabilization energy 30 . In the case of self-association stabilization energy is more in 3 (20.63 KJ.mol -1 ) and in the case of cross-association the stabilization energy is more in 5 (15.64KJ.mol -1 ) which concides with the compared results of the interaction energies.
FT-IR analysis
In order to examine the presence of hydrogen bond interaction between N-H and O-H groups of the both the systems, the infrared spectra are recorded at room temperature (298.15 K). Observing the experimental FT-IR spectra for the equimolar binary mixture of (2-chloroaniline +Ethanoic acid ), there is a shift of 20 cm -1 wave number in the position of -NH and 16 cm -1 wave number in the position of -OH for the mixture compared with their respective pure spectrums (Fig. 3 ). The FT-IR spectra for the equimolar binary mixture (2-chloroaniline+Propanoic acid) there is a shift of 16 cm -1 wave number in the position of -NH and 6 cm -1 wave number in the position of -OH for the mixture compared with their respective pure spectrums (Fig. 4) . Similarly, the FT-IR spectra for the equimolar binary mixture (2-chloroaniline +butanoic acid ) there is a shift of 12 cm -1 wave number in the position of -NH and 8 cm -1 wave number in the position of -OH for the mixture compared with their respective pure spectrums (Fig.  5) .These shifts are caused by the strong intermolecular interactions like hydrogen bonding between the O-H group of carboxylic acids (ethanoic acid, propanoic acid and butanoic acid) and N-H group of 2-chloroaniline. Thus, the FT-IR analysis convinces intermolecular hydrogen bonding of the equimolar binary mixture in both the systems effectively with proportionate variations in stretching wave numbers of -NH and -OH compared to their respective pure components 31 .
CONCLUSIONS
In this study we have investigated the hydrogen bond interaction between 2-chloroaniline and carboxylic acid complexes using density functional theory at basis set of 6-311++G (d, p).
From the study of optimized geometries and interaction energies reveals that, among all the dimers considered, 3 (O2-H11…O1) is found to be the most stable one in self-association and 5 (O2-H10….N1) is most stable in cross-association. The AIM analysis of the topological parameters viz., electron density and Laplacian electron density between 2-chloroaniline-carboxylic acid complexes are Hydrogen bonds .The stabilization energy E (2) calculated in NBO method indicates O-H…N hydrogen bonds are stronger among all the dimers.
